Summary. A study was made of the clinical features of diabetics with coexisting Graves' disease (n = 117) or primary hypothyroidism (n = 98). Those with Graves' disease developed thyroid dysfunction and diabetes at an earlier age than patients with primary hypothyroidism. There was, however, no difference between the two groups in respect of sex ratio nor proportion of subjects requiring insulin treatment. In contrast to the general diabetic population, 87% of diabetics with thyroid disease were female, 56% required insulin treatment and of patients requiring insulin from diagnosis, the median age at diagnosis of diabetes was 36 years. A strong correlation was observed between age at diagnosis of diabetes and that of hyperthyroidism (r = 0.71, p < 0.001) or hypothyroidism (r = 0.65, p < 0.001).
It is now recognised that the syndrome of diabetes mellitus has several distinct aetiologies, each resulting in carbohydrate intolerance [1] . A proportion of diabetics suffer concomitantly from autoimmune thyroid disease. In such cases, the aetiology of diabetes is considered by some workers to be itself autoimmune, characteristically leading to insulin dependency [2] [3] [4] .
We now report on a large group of diabetics with coexisting autoimmune thyroid disease whose clinical characteristics may be compared and contrasted with subjects having diabetes or thyroid disease alone. We also describe a temporal relationship concerning the development of diabetes and thyroid disease in the same individual.
Patients and Methods
Two hundred and fifteen diabetics with associated thyroid disease were studied. Of these, 117 (20 males, 97 females) were hyperthyroid and 98 (9 males, 89 females) had primary hypothyroidism. All were attending or had attended the Diabetic and Dietetic Department of the Royal Infirmary, Edinburgh. Where hypothyroidism followed treatment of hyperthyroidism, the patient was classified in the hyperthyroid group only. The clinical diagnoses of hyperthyroidism and primary hypothyroidism were confirmed biochemically by current tests of thyroid function, including estimation of plasma protein-bound iodine, effective thyroxine ratio, total thyroxine and thyrotrophin (TSH) concentrations and by means of the TSH stimulation test. Hyperthyroidism was shown to be due to Graves" disease on the basis of clinical, histological and/or radioisotope scanning evidence whereby patients with an overactive nodular goitre or other cause of non-Graves' hyperthyroidism were excluded. In the population of diabetics under consideration, the aetiology of primary hypothyroidism may be assumed to be autoimmune thyroiditis in the majority of cases, 85% of whom have high titres of thyroid auto-antibodies [5] .
Patients requiring insulin treatment because of weight loss, ketonuria or uncontrolled symptomatic hyperglycaemia, within three months of diagnosis of diabetes were termed "primary" insulin dependent diabetics (IDD). Patients who exhibited secondary sulphonylurea failure requiring insulin therapy more than three months from diagnosis of diabetes were termed "secondary" IDD. Table 1 shows the mean age at diagnosis of diabetes in hyperthyroid and hypothyroid diabetics in relation to diabetic treatment.
For the purpose of examining the seasonal onset of diabetes only, a further 78 patients (14 males, 64 females) were considered, 0012-186X/81/0020/0602/$01.00 The statistical analysis was carried out using regression techniques employing the GLIM computer package, with the package SPSS being used to extract means and standard errors from the data. Analysis of the seasonal variation in onset of diabetes was made by the test of David and Newell [7] .
Results are presented as mean _+ SEM or median + range, where appropriate. Figure 1 shows the age at diagnosis of diabetes, hyperthyroidism and hypothyroidism in the patients studied, in relation to their sex distribution. The mean ages at diagnosis of diabetes and thyroid dysfunction in hyperthyroid diabetics (46 + 2 and 43 + 1 years) were younger (p < 0.001; p < 0.001) than those of hypothyroid diabetics (52 + 2 and 58 + 1 years). There were no significant differences between the sexes in respect of age at diagnosis of these conditions.
Seventy-six (65%) hyperthyroid and fifty (51%) hypothyroid diabetics required insulin treatment. Twenty-eight (68%) hyperthyroid and 24 (50%) hypothyroid non-insulin dependent diabetics (NIDD) were treated with a sulphonylurea, the remaining NIDD being treated by diet with or without a biguanide. Table 1 shows that within the diabetic treatment groups of hyperthyroid and hypothyroid diabetics, the "primary" IDD were diagnosed as diabetic at a younger age than the "secondary" IDD combined with NIDD (p < 0.001, and p < 0.001 respectively). The median age at diagnosis of diabetes in hyperthyroid and hypothroid "primary" IDD was 36 years. Within the group of hypothyroid, but not hyperthyroid diabetics, the "secondary" IDD were diagnosed as diabetic at a younger age Co < 0.01) than the NIDD. In both the hyperthyroid and hypothyroid "secondary" IDD, the mean interval between diagnosis of diabetes and subsequent insulin treatment was 3 + 3 years. The median durations of diabetes in hyperthyroid and hypothyroid NIDD were 7 years (1-25) and 5 years (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) .
Information regarding the presence of ketonuria at diagnosis of diabetes was available in 82 hyperthyroid and 69 hypothyroid diabetics. Twenty-eight: (34%) hyperthyroid and 22 (32%) hypothyroid diabetics exhibited ketonuria at diagnosis. When hyperthyroid and hypothyroid diabetics were con- incidence of diagnosis (A) and of symptomatic onset (B) according to diabetic treatment category sidered together, there was a significant inverse correlation (p < 0.001) between the incidence of ketonuria and age at diagnosis of diabetes. A striking correlation was observed between age at diagnosis of diabetes and thyroid dysfunction in hyperthyroid (r = 0.71, p < 0.001) and hypothyroid (r = 0.65, p < 0.001) diabetics. Similar correlations were found when "primary" IDD (r = 0.62, p < 0.001; r = 0.59, p < 0.001), "secondary" IDD (r = 0.42, p < 0.02; r = 0.77, p < 0.001) and NIDD (r = 0.72, p < 0.001; r = 0.70, p < 0.001) were considered independently. A similar correlation .(r ----0.81, p < 0.001) was exhibited by hypothyroid NIDD treated by diet with or without a biguanide. For hyperthyroid and hypothyroid diabetics, the regression lines for the three diabetic treatment categories did not differ significantly in slope, when age at onset of diabetes is compared with age at onset of thyroid disease. Table 2 shows that with increasing age at diagnosis of diabetes the interval between diagnosis of diabetes and that of hyperthyroidism or hypothyroidism fell (p < 0.001 and p < 0.001). This interval was significantly longer (p < 0.001) in hypothyroid diabetics (6.7 + 1.2 years) than in hyperthyroid diabetics (-2.4 + 1.2 years). Figure 2 A shows the seasonal incidence of diagnosis of diabetes in "primary" IDD, and in "secondary" IDD combined with NIDD, whose month of diagnosis of diabetes was recorded. Hyperthyroid and hypothyroid (clinical and subclinical) diabetics were considered together. Figure 2 B shows the seasonal incidence of symptomatic onset of diabetes in the same patients, having excluded those whose duration of symptoms exceeded three months or had not been recorded. Neither treatment group showed a significant seasonal variation in incidence of diagnosis nor symptomatic onset of diabetes.
Discussion
The Diabetic Department of the Royal Infirmary, Edinburgh, provides care for almost 90% of the local diabetic population [8] whose female to male ratio is 1.3 : 1 [8] . A third of our general diabetic population is insulin treated [8] , the majority of "primary" IDD being diagnosed before the age of 25 years, as reported elsewhere [9, 10] . In contrast, we now show that diabetics with associated autoimmune thyroid disease exhibit marked female preponderance with a female to male ratio 6.4: 1. The proportion of insulin dependent to non-insulin dependent diabetics (1.4: 1) is almost three times greater than that observed in our general diabetic population (1:2). Moreover, the median age at diagnosis of diabetes in "primary" IDD with associated autoimmune thyroid disease is 36 years, that is, appreciably older than in the general diabetic population. Thus, diabetics with associated autoimmune thyroid disease display a number of clinical features at variance with the general diabetic population. On the other hand, both groups of diabetics exhibit an inverse relationship between age at onset and severity of diabetes at presentation. A similar relationship has previously been described in diabetics with associated idiopathic Addison's disease [11] suggesting that the putative autoimmune process responsible for B-cell destruction becomes less aggressive with increasing age. Conflicting reports regarding the prevalence of insufin dependency in diabetics with associated autoimmune thyroid disease may be reconciled on consideration of the age at diagnosis of diabetes. Bottazzo et al. [4] selected patients on the basis of insulin dependence, whose mean age at diagnosis of diabetes was 36 years. Other studies [12, 13] which have included late onset diabetics, report a prevalence of insulin dependency to be 43 and 83% respectively. Our own findings clearly indicate that insulin dependency becomes less prevalent with advancing age at diagnosis of diabetes in those patients having coexisting autoimmune thyroid disease.
It is of interest that the sex ratio and age at diagnosis of autoimmune hyperthyroidism and hypothyroidism are very similar in the diabetic population, reported in this study, and non-diabetic population, reported by others [12, 14] .
The highly significant correlation between age at diagnosis of diabetes and of thyroid disease is similar to that described in respect of idiopathic Addison's disease and insulin-dependent diabetes [15] and furthers the possibility that these conditions are all caused by a common and coincident pathogenesis. In the present study, we have shown that the correlation between age at diagnosis of diabetes and of thyroid disease is also found in NIDD who presumably share the same aefiology. The correlation extends to diet/ biguanide treated hypothyroid NIDD and cannot, therefore, be attributed to the antithyroid effect of the sulphonylureas [16] .
It therefore seems possible that the pathological processes responsible for the development of diabetes and thyroid disease in the same patient are initiated simultaneously. However, the order in which diabetes and hyperthyroidism or hypothyroidism become clinically evident appears to be related to the age at diagnosis of diabetes. Thus, whilst diabetes precedes thyroid disease in juvenile onset diabetics, the order is reversed in late onset diabetics. This observation may be explained by the rapid deterioration of carbohydrate tolerance in juvenile onset diabetics leading quickly to insulin dependency and the early clinical diagnosis of diabetes. Late onset diabetics run a more benign course and thus may have subclinical diabetes for several years prior to its diagnosis. Similarly, the extended natural history of asymptomatic autoimmune thyroiditis [17, 18] may explain why the diagnosis of hyperthyroidism precedes that of hypothyroidism, irrespective of the age at diagnosis of diabetes.
Diabetics with associated thyroid disease do not exhibit a seasonal variation in incidence, nor peaks in age at diagnosis of diabetes. There is therefore no epidemiological evidence to incriminate a viral aetiology in the pathogenesis of "autoimmune" diabetes, as has been provided by ourselves [19] and others [9, 20] in relation to the more typical predominantly male juvenile onset "primary" IDD.
Evidence derived from histological, immunological, HLA and family studies indicate that Type 1 diabetes and autoimmune thyroid disease are caused by a similar pathogenesis. The present study supports the latter premise and suggests that the pathological processes responsible for the development of diabetes and autoimmune thyroid disease in the same subject are initiated simultaneously, and independently of acute environmental influences.
